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sections was 12.0, 12.3, and 12.3, above the average for the sections. The 
mean for the state was  12.2 above the average for January; maximum, 76, a t  
Hanging Rock, 12th; minimum, 0.7, at Wauseon, 22d; greatest daily range, 
49.8, a t  'roledo, 13th; least daily range, 3, a t  Columbus, 27th, New Alexalldria, 
6th, and Cleveland, 7th. 

B&ation.-'l'he precipitation in the northern, middle, and southern 
/sections was 1.22, 1.77, and 1.08 above theavera efor  thesections. The mean 

@r the stnte was the heaviest rainfall on recorf for January, and 1.66 above 
he averagr; the greatest monl hly, 8.33, nt West Milnn, is the Inr est rainfall 

ever reported from a stntion of the bureau for January.-Z+of. H. 5'. Thomas, 
Columbus, director ; Lieut. Charles E. Kilbourne, secretary; C. N. Strong, 
Corporal, Signal Corps, assistant. 

Fkanklin Institute, P h i ~ d p h i a ;  T. F. T o m e n d ,  Sergeant, Signal Co~ps,. 
assistant. 

Temperature.-Highest monthly mean, 59.4, at Charleston; lowest monthly 
mean, 49.7, at Spartnnburgh; maximum, 81, at  Conway, 8th; minimum, 17, at 
Spartanburgh, 18th; greatest local monthly range, 62, at Spartanburgh; least 
local monthly range, 38, a t  Port  Royal. 

Z-'recipitation.-Greatest month1 ,2.76, a t  Walhalla; least monthly, 0.28, at 
Port  Royd-Hotc. A. P. Butler, 8oblumbia, director; J. W. CTonk, Biva te ,  
Signal  Corps, msistant. 

TENNESSEE. 

0 SOUTH UAROLINA. 

The month was remarknbl or its general low temperature, and western 
Oregon for its excessive precipitation. 

Ternperature.--The meall temperature was  6.9 below the normal, the de- 
partures rangin from 8.3, a t  Albany, to 8.8, at The Dallcs. Highestmonthly 
mean, 38.9, a t  8ardiner; lowest monthly mean, 15.8, at North Powder; maxi- 
mum, 60, a t  Pendleton, 29th; minimum, -24, at Jordan Valley, 7th. 

Precipitation.-'I'he average precipitation was 1.75 above the normal. I t  
WBB great1 in excess in western Oregon, and slightly deficient in the eastern 

ortion o f t h e  state; greatest, 21.86, at Gardiner; least, 1.13. a t  Heppner. 
$he snowfall was unusually heavy-over six feet falling in Columbia county. 
Generally in western Oregon, save on the coast, from one to six feet fell. 

Wind.-Prevailing direction, southwest.-Boa. H. E. Hayes, Master State 
Grange, Oswego, director; B. S. I'ague, Sergeant, Signal Corps, assistant. 

6) OREGON* 

- A PENNSYLVANIA. - 

COMPARISON O F  ANEMOMETERS- 
[By Assistant Professor C. F. h1.4RvIh..] 

given of experiments made upon a large whirling apparatus to determine the 
proper formula to be used with the Signal Service anemometer in order to 
accurately compute wind velocity. 

With the very satisfactory results thus obtuincd from the whirlin machine 

mometers of diffcrctlt dimensions when exposed to the same wind do not give 
even ap roximately the same wind velocity. A brief study of this question 
waa male  about a year ago and the conclusion reached thnt anemometers h v -  
ing cups and arms of relatively considerable weight did not follow close1 

to  indicate too hi h a wind movement. Nore extendel  observation, involving 
the comparison of a much greater variety .of anemometers, has shown that this 
peculiarity is not confined to heavy cups alone, but is exhibited by otheraas well. 

Starting with accurate whirling machine experiments, the results obtained 
show that of anemometers exposed to the same wind those whose CUPS and 
a r m  are  of slender proportions indicate a higher velocity than that shown 
b anemometers whose cups and arms are  of compact proportions. The terms 
scnder  and compact. in this connection, refer to the relation existing between 
the diameter of the cups and the length of the arms. Anemometers whose 
arms from the axis to the centres of the cups are nearly two or more times the 
diameter of the cups are considered 88 being of slender proportions, while 
those whono arms have a length only a little greater or even less than the di- 
ameter of the cups are said toehe of compact pro ortions. 

While the differences in the velocities indimteaby the various anemometers 
may arise from the circumstance that on the whirlinG machine the anemometer 
is in motion while in the open air the air is, itself, in  motion, yet such is not 
believed to  be the case, but rather that the result is brought about by the gusty 
and violeptly fluctuating character of open air winds. 

From a study of mnny detailed facts derived not only from o en air com- 

the two classes, the anemometer of compact proportions indicates more nearly 
the actual wind movement. As  the regular Signal Service anemometer is of 
comparatively slender proportioils, it  is therefore necessary to change, to some 
extent, the constants found from the whirling machine experiments, so that 
the indications of the anemometer in the gusty and fluctuating winds of the 
open air may be more nearly correct. 

Notwithstnnding that com arisons have been in progress for several weeks, 
yet there are so many disturting elements entering into accurate inveatigation 
of this kind and the more or less complete elimination of which is of im- 
portance that, being obliged, also, to depend upon the weather for the range 
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experiments as a basis for subsequent compa&ons, it has been foul] f that ane- 

sudden fluctuations'of ordinary WindH, and, in come uence, had 8 ten 6y enCY the 

pr isons,  but also from whirling machine experiments, it is consi B ered that, of 

The month was in many Qpects rAthcr a phenomenal one. The high tem- 
pernture during the first half, the inild weather during almost the entire month, 
the abnormal rainfall, the prevailing high winds, and th& large percentage of 
cloudinew, all combined to  render ita remarkable and very disagreeable month. 

temperature was 13 above the average for the past 
Seven Yeam; highest monthly mean, 53.4 at Cog Hill: lowest monthly mean, 
46.11 at  Rugby; mnxlmum, 797 at Tvoodstock, 11th and at Memphls, 12th; 
minimum, 16, st Rugby, 7th; this was the highest January minimum durina 
the past seven years* 

Becipitation.-GreateSt monthly, 10.70, a t  Bolivar; least monthly, 2.90, at 
Greeneville* 

Wind.-Prevailing direction, south.--J. D. PZunket, B. D., Nashville, 
diTdor;  

TEXAS. 
Tmperature.-The abnormdy high temperature of the two preceding 

months continued during January; a cold wave passed over the state during 
the 1Gth. The average temperature WDB considerably above the normal : the 

TemPeratuTe.-The 

c* Bate, Signaz colp4 assistant. 

of velocities desired, it is found the data is still insufficient in some res ecb. 
However, the observations have been reduced and the-constants of the ligna1 
Service anemometer computed. 

I n  attempting to compute corrections that may be used to rcduce the wind 
velocities heretofore obRerved by the Signal Service to more accurate values, 
one is a t  once confronted by the most serious difficulties in that the highest 
velocities a t  which accurate experimenta hnvc been made are far below 'many 
of the observed velocities. Owing, moreover, to the very imperfect knowledge 
of a correct dynamic theory for the Robinson anemometer, the em iricnl 
formulre ordinarily used cannot be depended upon for correct values &r ve- 
locities beyond the ex  erimental values. This fact is very evident from an 
inspection of the res& given in the table below, which contains values de- 
duced fro?, different formule, commonly used by meteorologists in this con- 
nection. 1 he formule used are as follows, aud apply to the Signal Service 
anemometer having cups 4 inches in diameter on arms 6.72 inches long: 

(a) V = 3 v. 
( b  V = 2 2 5  + 3.143v-.0862v (whirling machine). 
(C V = .263 + 2.968 v - .0407 v, ( b )  reduced to open air. 
(d  V = .466 + 2.525 v. 

V is velocity of wind in miles per hour; v is velocity of centres of cups in 

Robinson formula. 

(e) log. I V=.609-.9012, log. v. 

miles per hour. 

Velocity of mhd, in miles p e r  hour, as determined by various form&?. 

-~ 
Tern erature.-The m&d temperature for the state was about 11 above the 

n o r m a f b h i c h  makes this the war est January since 1880; greatest local 
monthly range, 67, at Blue Knob; I&! local monthly range, 46, at Annville, 
Catawissn, and Myerstown; greatest daily range, 44, a t  Chnmbersburgh, 12th; 
least daily ran e, 2 a t  Tipton, 7th; meximum, 77, at Coatsville, 12th; mini- 
mum, -2, at h u e  knob,  22d. 

The western 
part of tho stnte received an excess, and the eastern portion a deficiency; 
greatest monthly, 6.87, a t  Clarion; least monthly, 1.47, at Bloomfield. 

A.&pitation.-The average was about 0.30 below the normal. 
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geetes t  departure was near the coast, where it w& 12; from the coast i t  
gradually decreased northward to the Panhandle, where it was 8. The mean 
tem erature ranged from 38, at Hartley, to  69, at Brownsville; maximum, 84, 
at d l l e g e  Station, 29th and et Gallinas, 81et; minimum, 2, at Hartley, 21st. 

Becipitation.-The precipltatlon varied from 2.00 to  10.00 eaet of the 
ninety-eighth meridian, which is slightly in excess of the normal ; between 
the ninety-eighth and one hundredth meridians the amount was l e u  than  fiQ 
per cent. of the January normal, while west of this it ran ed from 0.60 to  
1.00, which is sli htly in exccss of the normal.-D. 1). #van, Qalueston, 
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The first column gives velocities computed by the longused ''Robinson fnc- 
tor,'  (8). The next column, b, contains corresponding values computed by a 

u&atlc equation obtained directly from whirling mRchirie experiments. 
&umn c, 'ves the results from this equation when adjusted to open air con- 
ditions. R e  column headed b f c shows how much the original values from 
the whirling machine expcrirnents have been changed to adjust to open air con- 
ditions. The  next two columnscontnin results by different equations, all purely 
empirical. The  last three columns contain corrections in miles per b o w  by 
.which wind velocities computed to the Robinson factor can be reduced to 
those i l - e n  by the other equations. 

No ex  eriments have been made beyond thirty-two miles per hour, and 
none of t ie  formulac can be safely depended upon for more than forty miles 
per hour. 

ather, but its mathematical form is such that values by it at points beyond the 
ex erimenb are extremely doubtful. 

ties ape possibly more nearly correct than by the other formula?. 

4 will g;vo a very close approymation tp correct wind velocities, and the last 
column contains the cor re+ms,  in miles per hour, to be applied to past 

Formula c fits the experiments, 80 far 88 they go, far more closely than any 

formula e does not fit experiments very well, values at high veloci- 

United States are below th i r ty  ve miles per hour, it is believed thot formula 

record8 to  reduce the velocities corn uted by the Roblnson factor to the more 

at all i t  is believed bettcr to use the corrcctions in the next to the lost column. 
It is Aot believed advisable to apply corrections to observed velocities higher 
than fort miles pcr hour. 

Form& c is recommended for the Signal Service anemometer for all ve- 
locities up to thirty-five miles per hour. 

I have &end pointed out a noticeable error in com uting mean wind 
velocities by sucg a formula a3 c when the observations emgrace a great range 
ofvelocities. For example, if the total movement of the anenlometer during 
twentyfour hours be used to reduce a mean hourly velocity the result will, 
unless the wind velocity hns been almost constant, bo noticeably different from 
that obtained by tnking t h e  nican of the twenty-four hourly velocit This 
arises from the fact that in the twcnty-four hour mean the s tiare of t t e  mean 
velocity of the centres of the CUPS is used i n  the formula, &le in the w e  of 
the m a n  twenty-four hourZy velocities the mean of the square of the cup ve- 
locities is used. I t  is scarcely necessaryio say that thc latter is the more correct. 

Much valuable information as to the action of thc nnemometer, not only at  
hi h velocities, but also when subjected to .violently fluctuating winds, is yet 
tose  gained from carefully conducted whirling machine exiierimenb, pro- 
vided they can be carried on under favorable conditions such as obtained in 

As by far the greater mnjorix of wind velocities recorded throughout the 

correct values. I f  velocities beyonf thirty-five miles per hour are corrected 

those already made a t  1 0 ~  velocities. 

llieteurological record of voluntary observws. &.--Continued. 
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Mondocino.. ........... 
Nationnl Cityl..... 
Oakland; I).. ...... 57 
Pasndona .......... 68 
Presidio of Snn F.. . 60' 

Florida. 

............. 87 

I Temperature. Tompernture. I i /  (Fnhronhoit.) I 4 .-+ :I Stntions. I p 
(Fahrenheit.) -- 8tntions. I-.. 

I d  
_. 

d 
E 
.^ 
- 

0 

26 
26 
26 
?S ... ... 
22 

17 

24 
27 
31 
27 
25 

23 

a6 

- 4  

26 

.... 

.... 
22 

.... .... .... 
9 

19 
:f 
20 
24 
26 
17 
34 
23 
I 2  ... ... 
16 ... ... 
aq ... ... 

3 i E  
.- 

0.81 II Lncon ............. 
0.20 Lako Forest .......I 
o . 6 ~  11 Imnork. ........... 
.... ....... 

.............. Olney 70 
Os wego 0.. ......... 
Ottnwnt... ....... ..I $2 
Pnnn ............... 70 
Pokin .............. 66 
Peoria ( I )*t 
Peorin ( a  ) ......... 66 
Philo .............. 67 

... 
2.0 
4.0 
3.7 

3.6 
4.0 
3.3 

... 

*.. 
0.2 ... 
5.0  

1.8 
... 
... 

I Dana ............... i : ~  2.38 i I De Delphi Uoniaspringa ..I ............. 
. II Evansvlllet ....... ..... Fnrmland ......... 68 

Fmnklln.. ......... 


